Laboratory experiments and theory were conducted to observe the flow patterns and transport in both buoyancy-driven and wind-driven rotating fluids. In "lock-exchange" experiments, water with one density flows into a second basin after a sliding gate is removed. Water of a second 
global meridional transport of heat. The physical oceanography of these seas has been reviewed by Carmack [1986 Carmack [ , 1990 and Aagaard [1989] and the physical oceanography of Fram Strait by Hunkins [1990] . Details of the origin, distribution, and transformation of the water masses in this region have been discussed by Coachman and Aagaard [1974] , Aagaard et al. [1985] , and Rudeis [1986, 1987] . In this paper we approach the question of the flow through Fram Strait by observing flows in laboratory models and discussing theoretical implications of these flows. Experiments in buoyancy-driven exchange (section 2) produce a qualitative picture that resembles the flow in Fram Strait. These suggestive observations do not answer the question as to 
The circulation of ice and upper layers in the Arctic Ocean is driven predominately by winds. Surface circulation in the Arctic Ocean is anticyclonic, while in the Greenland

BUOYANCY-DRIVEN EXCHANGE
Laboratory experiments were conducted to observe the flow patterns in density-driven rotating "lock-exchange" experiments, where water with one density flows from its original basin through an opening into a second basin after a sliding gate separating the two fluids is removed. Likewise, Scaling considerations produce seven dimensionless numbers-There are ten independent variables in the experiments ( The first configuration demonstrated the existence of the bore and the development of a meander at the mouth that is associated with overshoot of the fluid flowing along the lefthand wall. Both processes have been studied previously. This also provides a comparison with the second configuration, which was felt to be a closer approximation to the situation in Fram Strait. In this configuration, 5.2-cm-deep layers of water with differing densities were placed in both basins. The lightest water was fresh water and the intermediate water had a density midway between the fresh water and the deep water (whose depth was again 20 cm). After the tank was spun up, the gate was removed. A front formed within one rotation period as it had in the first run, but significant qualitative differences from the flow in the first configuration were soon apparent:
The greatest difference ( Table 2 where those velocities were divided by wave speed (g'h,) •12, where
We note that as rotation rate is increased, the Rossby radius is systematically reduced, the Ekman number is also decreased, the hydrostatic number Hy decreases from greater than to less than 1, and the ratio W of width of the tank to Rossby radius becomes progressively greaterß From the experimental measurement in Table 1 
WIND-DRIVEN EXCHANGE
The experiments on buoyancy-driven exchange previously described were motivated by the observation that circulation of the upper layers within Fram Strait is evidently not forced by wind and ice stress. However since large-scale circulation of the upper layers in both the Arctic Ocean and the Greenland Sea is observed to be strongly (even primarily) wind-driven it is possible that exchange through the and 18 ). The fresh water is trapped in a circular lens in the "polar" basin which is shown clearly in side profile (Figure 19) . The results are sketched in Figure 20 . This polar gyre rotates rapidly in a clockwise direction with an angular velocity which is nearly the same as that of the tank but of opposite sign and thus remains nearly stationary relative to an external frame of reference. Rotation in the %ubpolar • basin is cyclonic with an angular velocity nearly the same as that of the tank and remains nearly motionless relative to the tank frame of reference.
Several features of these experiments can be analyzed and explained by simple vorticity dynamics. Since the lower layer in the model was much deeper than the upper layer, a single-layer model was used in which gravity is reduced by the ratio of the density difference to the mean density. Depth of the Ekman layers was only about 1 mm, much less than upper layer depth, so the layer is taken to be inviscid with forcing by Ekman pumping on the top and dissipation through Ekman suction at the bottom. Friction on sidewalls will be ignored here, since their area was small relative to the area of the top and bottom surfaces. The Coriolis parameter is taken to be constant, since it can be demonstrated that in a rotating two-layer system, the depth of the upper layer when the relative vorticity and the Coriolis parameter were found to have nearly the same magnitude after many revolutions. There must be more friction than than has been accounted for here. It may be that some eddy viscosity develops in these later stages to augment molecular viscosity.
Sidewall friction has been ignored and may also represent some of the missing friction.
LOCK-EXCHANGE THEORY
A theory for velocity of the flow and the shape of the interface is formulated here without the third underlying layer. Because of dynamical complexities involved with the two fluid layers lying over a third layer, it was felt that three layers was too complicated for a first attempt. In addition, it was anticipated that a quantitative laboratory experiment would be desirable to check the predictions, and a threelayer experiment did not appear to be practical. It is hoped that the formulation can be extended to the three-layer case in the future. Given that there is abundent evidence that the Fram Strait flow is buoyancy driven [Hunkins, 1990] , the apparent success of the lock-exchange formula is.not really surprising, since it could be derived from a thermal wind relation alone. However, the use of that simple formula would require numerous assumptions. It is hoped that the lock-exchange derivation given and its being accompanied by quantitative laboratory data are more convincing.
Consider two basins
Without doubt numerous real features have been omitted from this study. A list of these includes a shelfiike bathymettic profile for the eastern wall, sidewall slope for all sides, the real coastal shape, continuous stratification, spherical geometry including the beta effect, sea ice, turbulence, and the actual temporal forcing (if it were known). Most of these, except for the challenging • plane, could be incorporated in future studies, but it is hoped that this study provides the first approximation. In closing, it must be remarked that the surface water of the Arctic Ocean is greatly undermixed. If the low-salinity water were mixed downward more vigorously, the exchange would be greater, and salinity difference between the surface water and deep water in the Arctic would be less. Equation (40) indicates that salinity difference would be inversely proportional to H, that was taken as the depth of the bottom of the halocline. But velocity would stay constant, since it is proportional to the square root of the product of density and H. Rafting of the Arctic ice, which removes more fresh water than the lock-exchange flow, is proportional to velocity of the East Greenland Current times the width of the current. The width is proportional to the Rossby radius of deformation, which is also proportional to velocity. So width also stays constant. Thus rafting is expected to be only weakly dependent on the mixing strength in the Arctic Ocean. It seems therefore that the processes that remove fresh water from the Arctic Ocean are independent of the vertical mixing coefficient there.
